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ABSTRACT 

G e n e r a l i z e d  growth  f a c t o r s  have been  e s t a b l i s h e d  f o r  
unmanned p r o b e s  e n t e r i n g  t h e  Mar t i an  a tmosphe re .  Both s o f t  
l a n d i n g  and a t m o s p h e r i c  sampl ing  p r o b e s  are  p r a c t i c a l  w i t h i n  
r e a s o n a b l e  s i z e  and weight  c o n s t r a i n t s .  Minimum g r o s s  w e i g h t s  
e x i s t  f o r  t h e  s o f t  l a n d e r s  b y  t r a d i n g  o f f  e n t r y  s h e l l  s t r u c t u r a l  
we igh t  f o r  t e r m i n a l  p r o p u l s i o n .  T h i s  i s  shown t o  y i e l d  a 
diameter o f  1 2  f e e t  f o r  a 1 4 0 0  pound p a y l o a d .  

Large  gross weigh t  p e n a l t i e s  c o u l d  r e s u l t  from 
p r e - e n t r y  t a r g e t i n g  r e q u i r e m e n t s  b u t  t hese  need n o t  a f f e c t  t he  
e n t r y  s h e l l  d i a m e t e r  o r  weight  when a separa te  p r e - e n t r y  
p r o p u l s i o n  s y s t e m  i s  u s e d .  

pound and a 350 pound p a y l o a d ,  and t o  d e l i v e r  a 45 pound pay load  
for a t m o s p h e r i c  s ampl ing .  

S p e c i f i c  p r o b e s  have been  s i z e d  t o  s o f t  l a n d  a 1 4 0 0  
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The data  p r e s e n t e d  h e r e  r e p r e s e n t s  b e s t  es t imates  
o f  weights  and s i z e s  o f  e n t r y  p r o b e s  r e q u i r e d  t o  o b t a i n  Mars 
a t m o s p h e r i c  and s u r f a c e  data,  i n c l u d i n g  t h e  d e l i v e r y  o f  an 
Automated B i o l o g i c a l  L a b o r a t o r y ,  t e l e v i s i o n ,  g e o p h y s i c a l  s e n s i n g  
i n s t r u m e n t s ,  and p o s s i b l e  s o i l  sample r e t r i e v e r .  F u l l  advan tage  
i s  t a k e n  o f  t h e  manned s p a c e c r a f t  t o  e s t a b l i s h  nar row e n t r y  
c o r r i d o r s  on t h e  o r d e r  o f  l 0  to 2 0  r i a u t i c a l  m i l e s ,  t.hus p e r m i t t i n g  
s h a l l o w  e n t r y  a n g l e s .  

The p r o b e s  w i l l  b e  d i v i d e d  i n t o  two c a t e g o r i e s .  The 
a t m o s p h e r i c  p r o b e s ,  which t e l e m e t e r  d a t a  b e f o r e  impact  and 
do n o t  r e q u i r e  s u r v i v i n g  s u r f a c e  i m p a c t ,  and s o f t  l a n d e r s  
which w i l l  u t i l i z e  t e r m i n a l  p r o p u l s i v e  r e t a r d a t i o n  t o  a nomi 
z e r o  r a t e  o f  s i n k .  

MISSION MODES - 
F'ECFJVED The p r e - e n t r y  sequence f o r  a l l  p r o b e s  w i l l  be  I 

c o n s i d e r e d  s i m i l a r .  
and t h e  p r o t e c t i v e  s t e r i l i z a t i o n  c o n t a i n e r  i s  j e t t i s o n e d .  
Depending on t h e  t a r g e t i n g  r e q u i r e m e n t s ,  which c o u l d  b e  
d i f f e r e n t  f o r  e a c h  p r o b e ,  a one or two s t a g e  p r o p u l s i o n  s y s  
w i l l  i n j e c t  t h e  p robe  i n t o  a 1 0  t o  20  n a u t i c a l  m i l e  e n t r y  
c o r r i d o r  i n  advance of  t h e  s p a c e c r a f t .  The p r o p u l s i v e  AV 
r e q u i r e d  f o r  t a r g e t i n g  i s  a s t u d y  p a r a m e t e r  and  w i l l  v a r y  w i t h  
i n j e c t i o n  d i s t a n c e  and s p a c e c r a f t  p e r i a p s i s  p a s s a g e  a l t i t u d e .  
The nominal  v a l u e  i s  400 f p s  and i s  v a r i e d  t o  5000 f p s .  

The probe s e p a r a t e s  f rom t h e  spacec r ' a f t  wASAST\ 
\Npu~ BRANCH ... 

The nominal  e n t r y  t r a j e c t o r y  i s  a l o n g  t h e  unde r shoo t  
boundary o f  t h e  2 0  N . M .  c o r r i d o r .  T h i s  r e p r e s e n t s  t h e  w o r s t  
c a s e  w i t h i n  t h e  c o r r i d o r  i n  terms o f  d a t a  t r a n s m i s s i o n  t i m e  
a f t e r  communicat ions b lack-out  f o r  t h e  a t m o s p h e r i c  p r o b e s ,  and 
l a n d i n g  p r o p u l s i o n  f o r  t h e  s o f t  l a n d e r s .  

A t  some t i m e  p r i o r  t o  e n t r y ,  t h e  e n t r y  c o n f i g u r a t i o n  
i s  s e p a r a t e d  from a l l  p r e - e n t r y  s y s t e m s ,  i . e . ,  t a r g e t i n g  p r o p u l s i o n  
g u i d a n c e ,  a l t i t u d e  c o n t r o l ,  e t c . ,  n o t  r e q u i r e d  f o r  t h e  e n t r y  
and p o s t  e n t r y  p h a s e s .  T h i s  i s  r e q u i r e d  t o  r e d u c e  t h e  e n t r y  
weight t o  p r o v i d e  a minimum b a l l i s t i c  p a r a m e t e r .  F i g u r e  (1) 
shows t h e  60" c o n i c a l  e n t r y  s h e l l  c o n f i g u r a t i o n  w i t h  a p o s s i b l e  
p r e - e n t r y  sys t ems  bay a t t a c h e d  t o  t h e  c o n i c a l  base. 

, I ,  ~ ,sure to NASA Offices and 
Ei,;earch Centers Only& *' 
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Fol lowing  e n t r y ,  t h e  e n t r y  s h e l l  f o l l o w s  a b a l l i s t i c ,  
i . e . ,  n o n - l i f t i n g  and unguided ,  p a t h  t h r o u g h  t h e  M a r t i a n  

1 VM-8 model a tmosphere .  The nominal  p robe  e n t r y  v e l o c i t y  i s  
3 0 , 0 0 0  f p s  a t  1 2 0  N . M .  which w i l l  be e f f e c t e d  by  t h e  p r e - e n t r y  
t a r g e t i n g  r e q u i r e m e n t s ,  b u t  n o t  s u f f i c i e n t l y  t o  a p p r e c i a b l y  
e f f e c t  t h e  v e h i c l e  s i z i n g .  A l l  v e h i c l e s  were s i z e d  t o  a n  
u l t i m a t e  l o a d  f a c t o r  o f  1 0 0  e a r t h  r r g r s l r .  While t h i s  i s  a 
f a c t o r  o f  2 h i g h  f o r  t h e  unde r shoo t  t r a j e c t o r y ,  i t  r e p r e s e n t s  
a c o n s e r v a t i v e  s h e l l  s t r u c t u r a l  p e n a l t y  which i s  most s e v e r e  
a t  t h e  h i g h e r  b a l l i s t i c  p a r a m e t e r s  f o r  a g i v e n  d i a m e t e r .  The 
r e a s o n  f o r  t h i s  i s  t h a t  t h e  lower  b a l l i s t i c  p a r a m e t e r  s h e l l  
s t r u c t u r e s  t e n d  t o  be minimum gage  l i m i t e d  and t h e r e f o r e  l e s s  
s e n s i t i v e  t o  aerodynamic l o a d i n g .  

SOFT LANDER SIZING 

PAYLOAD WEIGHT 

The use fu l -  p a y l o a d  d e l i v e r e d  t c  t h e  M a r t i a n  s u r f a c e  
i s  p r e s e n t e d  i n  F i g u r e  ( 2 )  as a f u n c t i o n  o f  e n t r y  s h e l l  d i a m e t e r  
and b a l l i s t i c  p a r a m e t e r ,  where p a c k a g i n g  d e n s i t y  i s  i n c l u d e d  
as a c o n s t r a i n i n g  p a r a m e t e r .  I t  i s  n o t e d  t h a t  diameter 
r e d u c t i o n  can  be  a c h i e v e d  w i t h  i n c r e a s e d  b a l l i s t i c  p a r a m e t e r s  
( m / C D A )  t o  a b o u t . 8 .  A t  h i g h e r  m/CDA t h e  a b i l i t y  t o  package  
w i t h i n  t h e  e n t r y  s h e l l  becomes i n c r e a s i n g l y  more d i f f i c u l t .  

The u s e f u l  p a y l o a d  i n c l u d e s  a l l .  e x p e r i m e n t s ,  power 
s y s t e m s ,  t e l e m e t r y  s y s t e m s ,  e t c . ,  b u t  does  n o t  i n c l u d e  t h e  
p a y l o a d  s t r u c t u r e  and ground l e v e l i n g  s u p p o r t s .  It was e s t i m a t e d  
t h a t  40% o f  t h e  u s e f u l  payload  would accoun t  f o r  t h e  p a y l o a d  
s t r u c t u r e  and s u p p o r t s .  I n  a d d i t i o n ,  a 20% c o n t i n g e n c y  was 
i n c l u d e d  as a growth  f a c t o r  r e s u l t i n g  i n  t h e  u s e f u l  pay load  
r e p r e s e n t i n g  6 0 1  of  t h e  l anded  w e i g h t .  

The t e r m i n a l  p r o p u l s i o n  sys t em u t i l i z e s  s t o r a b l e  
l i q u i d  p r o p e l l a n t s  w i t h  an I s p  o f  300 and a p r o p e l l a n t  l o a d i n g  
o f  .85.  P r i o r  t o  t e r m i n a l  r o c k e t  f i r i n g ,  which o c c u r s  a t  
a b o u t  1 0 , 0 0 0  f ee t  a l t i t u d e ,  t h e  s t r u c t u r a l  e n t r y  s h e l l  i s  
j e t t i s o n e d  t o  minimize  l a n d i n g  we igh t  and f u e l  consumpt ion .  
The dynamic p r e s s u r e  a t  t h i s  p o i n t  i s  l ess  t h a n  .04  e a r t h  
a tmosphe res  f o r  t h e  m/CDA = 1 and less  than .O1  f o r  t h e  m/CDA = .6 
and s h o u l d  n o t  p e n a l i z e  p r o p u l s i o n  s y s t e m  pe r fo rmance .  

GROSS WEIGHT 

Summing up a l l  component weights r e s u l t s  i n  t h e  g r o s s  
weight on b o a r d  t h e  s p a c e c r a f t  p r e s e n t e d  i n  F i g u r e  ( 3 ) .  The 
g r o s s  weights  i n c l u d e  t h e  f o l l o w i n g  m a j o r  s y s t e m s  weights :  
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1) S t e r i l i z a t i o n  c o n t a i n e r  
2 )  I n j e c t i o n  p r o p u l s i o n  sys tem ( 4 0 0  f p s  AV) 
3 )  E n t r y  s h e l l  s t r u c t u r e  p l u s  h e a t  s h i e l d  
4 )  Termina l  P r o p u l s i o n  
5 )  U s e f u l  pay load  
6) Payload  s t r u c t u r e  

The s h e l l  s t r u c t u r e  p l u s  heat s h i e l d  w e i g h t s  are  
p r e s e n t e d  s e p a r a t e l y  i n  F i g u r e  ( 4 ) .  

It i s  n o t e d  from F i g u r e  ( 5 )  t h a t  a minimum g r o s s  
.weight f o r  a g i v e n  p a y l o a d  weight  e x i s t s .  T h i s  i s  due t o  t h e  
l a rge r  t e r m i n a l  p r o p u l s i o n  s y s t e m  weight  r e q u i r e d  as t h e  
diameter  i s  r educed .  For l a r g e  d i a m e t e r s  t h e  s h e l l  s t r u c t u r e  
and heat  s h i e l d  have la rge  mass f r a c t i o n s  and approach  a 
minimum a t  t h e  small  diameters.  

P A C K A G I N G  

It must be n o t e d  t h a t  t h e  d e n s i t y  p a r a m e t e r  of' F l g u r e  
( 2 )  o n l y  a p p l i e s  t o  packag ing  w i t h i n  t h e  c o n i c a l  e n t r y  s h e l l .  
If p a c k a g i n g  i s  ex tended  beyond t h e  base,  as s u g g e s t e d  by t h e  
dashed l i n e s  on F i g u r e  (l), t h e  " e f f e c t i v e "  d e n s i t y  w i l l  be  
r e d u c e d  p r o p o r t i o n a l l y  t o  t h e  i n c r e a s e d  packag ing  volume. 
S i n c e  t h e  c e n t e r  o f  p r e s s u r e  o f  t h e  s h e l l  i s  o v e r  a body l e n g t h  
a f t  of t h e  base,  packag ing  can b e  e x t e n d e d  beh ind  t h e  base2 
s t i l l  i n s u r i n g  t h e  c e n t e r  o f  g r a v i t y  i s  fo rward  o f  t h e  c e n t e r  
o f  p r e s s u r e  f o r  s t a t i c  s t a b i l i t y .  

TARGETING REQUIREMENTS 

The r e q u i r e m e n t  t o  d i s p e r s e  t h e  p a y l o a d s  on t h e  
M a r t i a n  s u r f a c e  or p r o v i d e  a d d i t i o n a l  l ead  t i m e  between p a y l o a d  
l a n d i n g  and s p a c e c r a f t  p e r i a p s i s  p a s s a g e  r e s u l t s  i n  t h e  gross 
weight  p e n a l t i e s  p r e s e n t e d  i n  F i g u r e s  ( 6 ) ,  ( 7 ) ,  and ( 8 )  f o r  
m/C A o f  . 4 ,  .6 and . 8  r e s p e c t i v e l y .  The i n j e c t i o n  p r o p u l s i o n  
SYS P e m  has an I s p  o f  250 and a p r o p e l l a n t  l o a d i n g  o f  . 9 .  

ATMOSPHERIC PROBES/HARD LANDER 

The d i f f e r e n c e s  between t h e  a t m o s p h e r i c  p r o b e s  and 
s o f t  l a n d e r s  a r e  t h e  e l i m i n a t i o n  of any t e r m i n a l  r e t a r d a t i o n  
and ground l e v e l i n g  s u p p o r t s  and r educed  p a y l o a d  s t r u c t u r a l  
weight .  The p a y l o a d  s t r u c t u r a l  f r a c t i o n  i s  t a k e n  t o  b e  2 0 %  
o f  t h e  p a y l o a d  w i t h  a 20% con t ingency  f a c t o r .  
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F i g u r e  (9) p r e s e n t s  t h e  u s e f u l  pay load  d e l i v e r e d  f o r  
s ampl ing  t h e  a tmosphere  and t r a n s m i t t i n g  d a t a .  H ighe r  d e n s i t i e s  
are  i n d i c a t e d  s i n c e  t h e  a t m o s p h e r i c  p r o b e s  w i l l  c o n t a i n  l ess  low 
d e n s i t y  i t e m s . .  The g r o s s  w e i g h t s  r e q u i r e d  i n  t h e  s p a c e c r a f t  t o  
d e l i v e r  t h e  r e q u i r e d  p a y l o a d s  a r e  p r e s e n t e d  i n  F i g u r e  ( 1 0 ) .  

A s  i n  t h e  c a s e  o f  t h e  s o f t  l a n d e r s ,  t a r g e t i n g  c o n s t r a i n t s  
i n c r e a s e  t h e  g r o s s  w e i g h t .  T h i s  i s  i l l u s t r a t e d  i n  F i g u r e  (11) 
f o r  t h e  m/CDA = . 2 .  The . 2 m / C D A  v e h i c l e  i s  c o n s i d e r e d  h e r e  
s i n c e  i t  p r o v i d e s  o v e r  two minu tes  o f  t r a n s m i s s i o n  t i m e  a f t e r  
communicat ions b l a c k - o u t .  Black-out  i s  assumed t o  end a t  a 
v e l o c i t y  o f  1 0 , 0 0 0  f p s .  Two minu tes  i s  p r o b a b l y  more t h a n  i s  
r e q u i r e d  s o  anm/CDA o f  .25 or .3 might  b e  p o s s i b l e  upon c l o s e r  
a n a l y s i s .  

SPECIFIC PAYLOADS 

Three  v e h i c l e s  are s i z e d  h e r e  t o  p r o v i d e  f o r  t h r e e  
s p e c i f i c  p a y l o a d s .  Based GI: t h e  s c a l i n g  d a t a  p r e s e n t e d  
p r e v i o u s l y ,  t h e  p a y l o a d s ,  e n t r y  s h e l l  d i a m e t e r s ,  and  g r o s s  
w e i g h t s  ( 4 0 0  f p s  AV) on boa rd  t h e  s p a c e c r a f t  a r e :  

SOFT LANDERS 

PAYLOAD (LBS) DIAMETER (FEET) GROSS WEIGHT (LBS) 

’ 1 4 0 0  
350 

1 2  
8-112 

3800 
1000 

ATMOSPHERIC PROBE 

PAYLOAD (LBS) DIAMETER (FEET) GROSS WEIGHT (LBS) 

45 3 1/2 1 1 0  

CONCLUSION 

G e n e r a l i z e d  growth  f a c t o r s  have been e s t a b l i s h e d  f o r  
unmanned p r o b e s  e n t e r i n g  t h e  M a r t i a n  a tmosphere .  Both s o f t  
l a n d i n g  and a t m o s p h e r i c  sampl ing  p r o b e s  a r e  p r a c t i c a l  w i t h i n  
r e a s o n a b l e  s i z e  and weight  c o n s t r a i n t s .  Minimum g r o s s  w e i g h t s  
e x i s t  for t h e  s o f t  l a n d e r s  b y  t r a d i n g  o f f  e n t r y  s h e l l  s t r u c t u r a l  
w e i g h t  f o r  t e r m i n a l  p r o p u l s i o n .  T h i s  i s  shown t o  y i e l d  a 
d i a m e t e r  o f  1 2  f ee t  f o r  a 1 4 0 0  pound p a y l o a d .  

Large g r o s s  we igh t  p e n a l t i e s  c o u l d  r e s u l t  f rom 
p r e - e n t r y  t a r g e t i n g  r e q u i r e m e n t s  b u t  need  n o t  a f f e c t  t h e  e n t r y  
s h e l l  d i a m e t e r  or weight  when u t i l i z i n g  a s e p a r a t e  p r e - e n t r y  
s y s t e m s  bay.  
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S p e c i f i c  p r o b e s  have been  s i z e d  t o  s o f t  l a n d  a 1 4 0 0  
pound and a 350 pound p a y l o a d ,  and t o  d e l i v e r  45 pound pay load  
f o r  a t m o s p h e r i c  s ampl ing .  

n 
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